A B S T R A C r This study correlated levels of activated fibrinolysis with the presence, extent, and rate of resolution of angiographically documented pulmonary emboli. Pulmonary emboli demonstrable by angiography were associated with detectable fibrin split products in the serum of 24 of 25 patients. In the absence of increased fibrin split products, pulmonary emboli large enough to be demonstrated by angiography were found in only 2 of 25 positive pulmonary angiograms. Spontaneous resolution of pulmonary emboli could not be correlated with the the concentration or persistence of fibrin split products but did correlate well with the presence of a reversible precipitating cause.
INTRODUCTION
Spontaneous resolution of acute pulmonary emboli has been demonstrated by direct and indirect techniques. Ventilatory function and gas exchange have been shown to be normal in survivors of pulmonary emboli 1-6 months after the acute insult unless pulmonary emboli were recurrent (2) (3) (4) . Utilizing serial pulmonary angiograms to assess the extent of resolution of emboli, Fred, Axelrad, Lewis, and Alexander (5) found complete resolution within 2-4 wk in four of five anticoagulated patients with previously normal heart and lungs; three of the four patients with complete resolution had an identi-fiable, reversible precipitating cause. By contrast, Dalen et al. (6) found complete angiographic resolution in only 2 of 10 patients who were clinically similar to those of Fred et al., except that the presence or absence of a reversible precipitating cause was not stated. Serial lung scans also have suggested variability in the resolution of pulmonary emboli (7, 8) .
Some of the factors which affect the course of resolution are known. Spontaneous resolution of pulmonary emboli is less complete in patients with very large emboli, preexisting cardiovascular disease (7), or previous venous thromboembolic disease (1) . An additional variable is suggested by the data of Genton and Wolf (9) , who showed that pulmonary emboli caused by old as compared with fresh thrombi were lysed less rapidly in dogs treated with urokinase.
Fibrinolysis is the final common pathway for resolution of emboli, and some index of fibrinolytic activity might provide criteria for assessing the likelihood of resolution. Furthermore, the level of fibrinolytic activity might prove useful in the diagnosis of pulmonary embolism. The most direct index of fibrinolytic activity is the presence of fibrin split products in serum (10) .
The purpose of the present study was to correlate levels of activated fibrinolysis as identified by fibrin split product concentrations, with the presence, extent, and rate of resolution of angiographically proven pulmonary emboli. Fibrin split products were also determined in other thrombotic diseases.
METHODS
Study plan. Fibrin split product determinations were carried out in normal subjects and in patients with deep thrombophlebitis. The minimal clinical criteria for thrombophlebitis were compatible clinical symptoms, calf tenderness, and at least 1.5 cm enlargement in circumference of an extremity. In patients with suspected pulmonary emboli, serial fibrin split product concentrations were determined daily for 4 days and then weekly for 4 wk; complete clinical evaluation, routine laboratory studies, and pulmonary angiograms were carried out in these patients.
Blood collection. Before September 1968, blood samples collected in the absence of venous stasis were immediately clotted with excess thrombin and were incubated for 2 hr at 370C. The serum was then separated after centrifugation at 1000 g for 10 min and was frozen at -20'C in multiple aliquots for later analysis.
After September 1968, blood was collected in citrate tubes (4.5 ml of blood with 0.5 ml of 3.8% sodium citrate) with 0.1 ml trasylol added. Plasma was separated after centrifugation at 1000 g and was frozen in multiple 1 ml aliquots at -20'C. The day the sample was analyzed, excess thrombin (100 U/ml) was added to the plasma aliquot, and it was incubated for 2 hr at 370C before the serum was separated for assay.
Evaluation of fibrin split products. Fibrin split products were determined by the hemagglutination-inhibition method of Merskey, Kleiner, and Johnson (10) . Hyland antifibrinogen was used after absorption three to five times with lyophilized normal human serum. Sensitivity was calibrated each day with a standard normal plasma. Before September 5, 1968, the lower limit of sensitivity for inhibition of agglutination was 7.5 Aig of fibrinogen per ml. During this period of time, samples were analyzed from 12 patients with positive angiograms, 5 patients with negative angiograms (2 of whom showed 7.5 ,Ag/ml of fibrin split products), 1 patient with thrombophlebitis, and 10 normal controls. After September 5, 1968 , the lowest concentration of standard normal plasma that would inhibit agglutination in the assay was 3.75 /Lg/ml on 20 occasions and 1.88 ,ug/ml on 5 occasions. The increased sensitivity was associated with the use of a new lot of Hyland antifibrinogen after September 5, 1968. Fibrin split product determinations were very reproducible. Aliquots of the same sample were run in duplicate; the results were identical in nine instances, within one tube dilution in four instances, and within two tube dilutions in one instance.
Evaluation of pulmonary angiograms. Pulmonary angiograms were performed during right heart catheterization; they were considered positive only if definite filling defects or cutoffs could be demonstrated (11) . The per cent vascular bed occluded was estimated by the following criteria: (a) There are 10 segmental-sized pulmonary artery branches to each lung, each constituting 5% of the pulmonary vascular bed. (b) The degree of occlusion of a vessel was estimated utilizing the following schema: nearly complete occlusion or a cutoff equals 90% occlusion; moderate filling, 70% occlusion; the smallest filling defect discernible, 50% occlusion. Thus, a moderate filling defect of one segmental vessel equals 0.7 X 0.05 X 100 = 3.5% occlusion of the total pulmonary vascular bed. (c) If definite filling defects or cutoffs were found, the following were accepted as 50%o occlusion of the segmental vessels involved: (i) beading, (ii) pruning, (iii) arterial hang-ups of contrast material, (iv) poor capillary filling phase, and (v) delayed venous phase.
Evaluation of lung scans. Lung scans performed with Ilabeled macroaggregated albumin were considered "diagnostic of pulmonary emboli" when perfusion defects were present in the absence of (a) infiltrates in that area on chest roentgenograms, (b) pleural effusion, (c) chronic obstructive pulmonary disease, and (d) bullae.
Lung scan defects were roughly quantitated by the following criteria. Each lung was divided into upper, middle, and lower zones. The smallest perfusion defect that appeared 
RESULTS
Normal subjects and thrombotic states without clinical evidence of pulmonary emboli 29 of 30 clinically normal subjects had no fibrin split products detectable by our method, and one had 3.8 *g/ ml ( Fig. 1 ). Four patients with uncomplicated deep thrombophlebitis had no demonstrable fibrin split products; one such patient had 3.8 gg/ml, and one had 1.9 ,ag/ml. Two patients with superficial thrombophlebitis had no detectable fibrin split products.
In four patients fibrin split products were zero before and after inferior vena cavagrams. Eight patients had arteriograms for a variety of clinical states, and fibrin split product concentration increased after the procedure in three. In all three instances, the initial value was zero and rose to 3.8 /ig/ml in two cases and to 1.9 ug/ml in one case. In all three the fibrin split product concentration was back to zero by the 2nd day after the procedure.
Patients suspected of having pulmonary emboli
Because of the possibility that the catheterization procedure itself might have caused some thrombosis with subsequent lysis, the highest fibrin split product level recorded before the angiogram was placed in Table I as well as Figs. 2 and 3 except for patient L.W. whose first blood sample was 2 hr after the angiogram.
Relationship of fibrin split products to documentation of an embolus. 33 patients suspected of having pulmonary emboli had pulmonary angiograms of diagnostic quality. 25 of the 33 had positive angiograms. Fibrin split products were detectable in the serum of all but one of those with positive angiograms (mean 15.2, range 0-30 /Ag/ml) (Fig. 2) . In that patient with no detectable fibrin split products only 6% of the pulmonary vascular bed was occluded, and the first blood sample was ob- Table I ) and those with emboli but no infarction. Six of the eight patients who had negative pulmonary angiograms had no fibrin split products detectable in their serum, and two had 7.5 s'g/ml.
Relationship of fibrin split products to size of vascular bed occluded. In patients demonstrating emboli of a wide range of sizes, there was no correlation between the per cent vascular bed occluded and the concentration of fibrin split products (Fig. 3) .
Resolution of emboli. On the basis of combined serial angiograms and lung scans, the patients are represented in Table I in the following three groups: (a) those who showed good resolution, (b) those with poor resolution, and (c) those with insufficient data to assess resolution of the emboli initially present. Correlations of the concentration of the fibrin split products with the degree of resolution demonstrated that split product values did not predict which patients would markedly clear their pulmonary emboli. Fig. 4 demonstrates the correlation of the extent of embolism estimated from lung scans with the per cent occlusion estimated from the angiograms. The correlation, although significant (P < 0.01), is at times very poor in individual patients. An extreme example is patient D.C. who had 70% occlusion estimated from her pulmonary angiogram, yet had a normal lung scan. should be complementary in terms of a maximal diagnostic yield.
Moser et al. (11) Fig. 4 ).
Methods of studying fibrinolytic activity. Patients with pulmonary emboli diagnosed clinically without pulmonary angiograms or lung scans have had their potential for fibrinolysis studied by indirect in vitro methods. Tsitouris, Sandberg, DeLeon, Lecks, and Bellet (12) reported increased inhibitors of fibrinolysis by an antiplasmin lysis time in 11 of 14 patients. The method used did not distinguish between antiactivators and antiplasmins; however, activator inhibitors are very rare (13) . Ellison and Brown (14) found a 50% whole blood clot lysis time normal in thromboembolic pulmonary hypertension, whereas 9 of 11 patients with a history of pulmonary infarction had a prolonged 50% clot lysis time, which suggests poor spontaneous fibrinolysis in the latter group. However, these methods of evaluation may not be reflective of the in vivo occurrence of fibrinolysis.
When a thrombus forms, plasminogen is incorporated within the fibrin meshwork (15) . Plasminogen activators from either circulating plasma or vascular intima (16) diffuse into the thrombus and convert plasminogen to plasmin which lyses fibrin; systemic hyperplasminemia may not be present during active fibrinolysis (17) . Intima from human veins and the adventitial layer of arteries and veins have marked fibrinolytic activity, but the imtima of human arteries is low in such activity (18) (19) (20) (21) (22) (23) . The intima of pulmonary arteries is similar to veins and has good fibrinolytic activity (20) . If a small amount of plasminogen is converted to plasmin within the systemic circulation, antiplasmins complex with the plasmin and prevent degradation of fibrinogen. When the complex contacts fibrin, the plasmin is released owing to the plasmin's greater affinity for fibrin than for antiplasmin (24 There is adequate evidence from other sources that fibrin split products are detectable in the serum after thromboembolism. Merskey et al. (10) found fibrin split products in the serum of five patients with pulmonary emboli. Laursen and Gormsen (25) found only four of seven patients with pulmonary emboli to have fibrin split products; however, emboli were diagnosed clinically without pulmonary angiograms. They found fibrin split products in only 2 of 15 patients with phlebothrombosis, and one of these patients had a complicating pulmonary embolus. Nilehn and Nilsson (26) found fibrin split products in five of six patients with thrombosis; it is not clear whether the thrombi were arterial or venous. Their method also detected fibrin split products in the serum of 5 of 28 normal individuals.
Predicting resolution of emboli. Some factors that might predict the resolution of a pulmonary embolus are: (a) fibrinolytic activity (12, 14) , (b) size of the embolus, (7), (c) preexisting cardiovascular disease (7), (d) recurrent thromboembolic disease (2) (3) (4) , and (e) existence of a reversible precipitating cause (5) . Fibrin split product concentration was not predictive of good resolution, and its simultaneous assessment weighted by the per cent vascular bed occluded was not helpful. Serial fibrin split product concentrations are listed in Table II . The duration of increased fibrin split products varied from 2 days to over 30 days after heparin therapy was started and also was not helpful in predicting resolution. Two patients, who both had 61% occlusion of their pulmonary vascular bed, had fibrin split products detectable in their serum for only 2 and 3 days yet had complete resolution of their filling defects on repeat pulmonary angiograms. The only factor that would have significantly predicted good resolution was the presence of a reversible precipitating cause (P < 0.05). A history of previous thromboembolism was present in a majority of those with poor resolution and was rare in those with good resolution, but the differences were not significant.
Near the end of the study it became apparent that fibrin split product concentrations could not predict good spontaneous resolution of emboli, and several patients were studied with the limited objective of testing the correlation of elevated fibrin split products and a positive pulmonary angiogram.
Screening test for pulmonary emboli. In the present study, when the serum concentration of fibrin split products in patients with proven emboli is compared with the concentrations in patients with negative pulmonary angiograms (Fig. 2) , the association of increased concentrations of fibrin split products above 5 isg/ml with a positive angiogram is highly significant (P < 0.001) by chi-square analysis. Thus, in the absence of fibrin split products a patient is not likely to have had an embolus large enough to detect with pulmonary angiography. These data suggest that the fibrin split product determination could be a useful screening test for emboli large enough to be detected by pulmonary angiograms. Fibrin split products were increased as late as 3 wk after the embolic episode; however, in some patients on heparin therapy the split products disappeared as rapidly as 2 days after the embolic episode. The effect of heparin therapy upon the duration of detectable fibrin split products in the serum is not known but needs to be investigated. Although the absence of fibrin split products in the serum may be good suggestive evidence that an embolus large enough to be detected by angiography has not occurred, the existence of fibrin split products in serum does not necessarily indicate thromboembolism. The incidence of fibrin split products in the serum of patients with nonembolic pulmonary disease is still not known but probably is significant. It is of interest that in uncomplicated deep thrombophlebitis and in two cases of superficial thrombophlebitis there was no increase in fibrin split products in the patient's sera. One patient not listed in Fig. 1 appeared to be an exception, since the concentration of fibrin split products was 60 Ag/ml in the presence of deep thrombophlebitis. However, a lung scan demonstrated the occurrence of asymptomatic pulmonary emboli.
